Health and Educational Outcomes of Children Who Experienced Severe Neonatal Medical Complications
One of the primary contributors to infant mortality is low birthweight (LBW). In the USA, 6.8% of all newborn babies are LBW (weighing 2500 g or less at birth), and about 1.2% are very low birthweight (weighing 1500 g or less at birth). Approximately 20 to 40% of LBW infants (or approximately 90,000 infants per year) suffer periventricular-intraventricular hemorrhages (IVH) within 72 hours of birth (Volpe, 1981; Wildrick, 1997) . These hemorrhages produce abnormal bleeding from cranial capillaries that result in different degrees of neurological damage based upon the severity of the hemorrhage. Brain-imaging procedures such as realtime ultrasonogram and computed tomography scanning are used to make a positive identification of IVH and to classify the hemorrhage into one of four grades of severity, with Grade I the most mild form of hemorrhage and Grade IV the most severe (Papile, Burstein, Burstein, & Koffler, 1978) . Dramatic clinical symptoms such as seizures, loss of muscle tonus, cessation of breathing, and unreactive pupils, may mark the onset of IVH; however, at times IVH is clinically silent. The importance of IVH as a major health problem is underscored by the fact that for each 1,000 LBW infants born: (a) 400 suffer IVH; (b) 100 of the 400 (25%) die immediately; and (c) 85 of the remaining 300 (28%) suffer major neuropsychological impairment (Volpe, 1987) .
Information as to the longitudinal developmental progress of IVH survivors is limited and controversial (Bendersky & Lewis, 1995; Whitehead, 1993) . For example, Sostek, Smith, Katz, and Grant (1987) concluded that the severity of IVH did not predict the infant's developmental progress at 2 years of age; however, 40% of the infants in that study showed significant delays at 2 years.
The problem with most follow-up studies is that their investigations have typically been limited to two or three years, and calls for additional, long-term longitudinal studies have appeared with frequency in the literature (i.e., Hack, Klien, & Taylor, 1995) . Since few studies have investigated prospectively the health, developmental, and educational outcomes of medically fragile infants when they reach school-age, the present study was conducted to increase our understanding of these variables and to identify potential longitudinal predictors of developmental outcomes.
Method

Sample
In the present study, 58 families with children (47% male) who experienced IVH were recruited across a three year period (1987) (1988) (1989) from the neonatal intensive care units (NICUs) of two hospitals in Salt Lake City, Utah (see Boyce, Smith, Immel, Casto, & Escobar, 1993) . All of the children but one were premature (mean gestational age was 30.0 weeks); and all but two had low or very low birthweights (mean birthweight was 1407.7 g). The mean age of the children at the time of the survey conducted for this project was 7.0 years, with ages ranging from 5 to 8.5.
Procedure
Several years after initial recruitment, fifty-five (95%) of the families participated in a structured outcome interview (one family could not be located and two of the children had died).
Most of the respondents were mothers (87%), but six fathers and one grandparent (the primary caregiver) also participated. Caregivers were asked whether medical or school personnel had diagnosed the child with the conditions listed in Table 1 and whether they thought the child did indeed have the condition. Answers were coded as yes, no, or uncertain (i.e., diagnosis presently is unsure and warrants further evaluation). Specific educational information collected included present school placement, grade completion/repetition, and strategies they had used to prepare their child for school. (A copy of the interview may be obtained from the first author).
______________________________
Insert Woodcock & Johnson, 1989) , a widely used norm-referenced test, was individually administered to children who had reached the age of 78 months to assess their school achievement. The WJ-R provides two summary scores (i.e., broad knowledge and skills knowledge) which are based on six aspects of scholastic achievement: letter-word identification, applied problems, dictation, science, social studies, and humanities. The general development or independent functioning of the child was assessed with the Scales of Independent Behavior (SIB; Bruininks, Woodcock, Weatherman, & Hill, 1984) , a norm referenced test based on parent reports of child behaviors in four areas: motor skills, social and communication skills, personal living skills, and community living skills. For the children who were in kindergarten or later grades, school teachers completed two mailed questionnaires. On the first of these, the teacher provided a description of the child's present educational program (i.e., type of classroom, services received, and eligibility for special education services, etc.). On the second, the Social Skills Rating System (SSRS; Gresham & Elliott, 1990) , the teacher rated the child's social behaviors affecting teacher-student relations, peer acceptance, and academic performance. Two scores are derived: the child's social skills (including control, assertion, and self-control) and problem behaviors (externalizing, internalizing, and hyperactivity), with higher scores indicative of greater behavior frequency.
Several statistical strategies were employed to analyze the findings. First, descriptive statistics were used to characterize the sample and results of the survey. The conditions investigated included cerebral palsy, intellectual disabilities, attention problems, vision problems, eligibility for special education, and no present diagnosis (i.e., healthy). Crosstabulations were used to compare the distribution of IVH in the total sample with the distribution of IVH for each condition. T-tests to compare those children with and without a condition were completed for each condition to investigate the effect of birthweight, gestational age, and days in intensive care. Correlations were used to assess which birth data variables were most predictive of later developmental status.
Results and Discussion
Health/Developmental Conditions Overall, there appeared to be large differences in the present level of health and behavioral outcomes within this group of children. Thirty-eight percent of the children did not have any of the conditions specified in the interview. Among the other children, a variety of health-and behavior-related problems were reported. As can be seen in Table 1, visual impairments were the most frequently reported problem. Second in frequency were problems with either fine or gross motor functioning. Nine of the children (16%) had been diagnosed as having cerebral palsy. The fact that motor problems occurred so frequently is consistent with research conducted with similar samples (Bendersky & Lewis, 1995; Bozynski et al., 1984; Msall, Buck, Rogers, & Cantanzaro, 1992; Sostek, 1992) . Hearing, intellectual, and communication problems were less common (9%, 9%, and 16%, respectively).
The incidence of attention problems, although not yet well established, appears to be high.
Over one-fourth of the children may suffer from the inability to attend (i.e., attention deficit hyperactivity disorder [ADD or ADHD] ). The national average for children with attention problems is approximately five percent.
Three children were experiencing seizures and one had a heart condition. These conditions had been experienced by more of the children when they were younger, but either they were no longer having problems or the parents had been advised that the condition was no longer a concern.
Among the 62% for whom one or more conditions were reported, eleven children (20% of the total sample) accounted for the majority of the problems reported, with each of them having at least four medical conditions. In a similar longitudinal study of premature infants, 63% had one or more minor impairments, while 22% had major neurodevelopmental impairments (Msall et al., 1992) .
Neonatal Predictors of Childhood Development
To investigate the relationships between present disabilities and neonatal characteristics, group mean comparisons were conducted. Groups with particular conditions (e.g., cerebral palsy, intellectual disability, attention problems) as well as those children who presently have no present diagnosis were examined as to grade of IVH, birth weight, gestational age, and days in intensive care. Table 2 presents these findings.
______________________________
Insert Table 2 about here ______________________________ The distribution of IVH levels in the groups that currently have cerebral palsy, intellectual disabilities, special education eligibility was significantly different from the distribution of IVH levels in the total sample. A higher proportion of children with Grade IV IVH were in the cerebral palsy, intellectual disabilities, and special education eligibility groups than in the total sample. Oppositely, none of the healthy children had experienced grade IV IVH. Birthweight and number of days spent in intensive care also appeared to be related to some (e.g., cerebral palsy), but not all, of the health conditions. Notably, healthy children were those who had spent the fewest days in the NICU as neonates, regardless of their birthweight or gestational age.
To further investigate the relationship between neonatal characteristics and later developmental outcomes, correlations were computed using the Battelle Develpomental Inventory (Newborg, Stock, Wnek, Guidubaldi, & Svinicki, 1984) as a standardized measure of developmental status (M = 100, SD = 15). As may be seen in Table 3 , birthweight and gestational age at birth were not consistently related to later developmental outcomes.
However, grade of IVH and, particularly, the number of days spent in the NICU were statistically significantly related to later functioning. Future research would do well to investigate the predictive utility of these variables.
Insert Table 3 about here 
______________________________ Educational Outcomes
At the time of the survey all but seven of the 55 children were in public school (kindergarten, first or second grades). One child's schooling was provided by a home teacher due to the severity of her health conditions and disabilities. Table 4 provides details concerning educational outcomes. Of the children in school, almost one-third were eligible for special education services. Almost 80% were attending regular classrooms, but approximately 15% of the children received additional services, such as therapy or resource services. Only 19% were in self-contained special education classrooms.
______________________________
Insert Table 4 about here ______________________________ School achievement (measured by the WJ-R) appeared to be somewhat low when compared to the WJ-R standardized norms (M = 100, SD = 15). The standard deviations indicate a wide range of scores. As a group, the children's broad knowledge scores (M = 93.8)
were significantly higher than the skills knowledge scores (M = 83.3; p < .001). Almost onefourth of the children scored one standard deviation (< 85) below the mean on the broad knowledge scale, while almost one-half scored 85 or below on the skills knowledge. Skills knowledge includes letter-word identification, applied problems and dictation. Because these tasks call for motor dexterity, the skills knowledge score may have been more affected by the motor problems that some of the children have than the broad knowledge score.
General development, as measured by the total SIB score, was also somewhat delayed for this group; 26% of the children scored greater than one standard deviation below the mean (< 85). Motor skills and community living skills (which a child needs to function effectively in the community) were particularly low.
These educational outcomes support findings of other studies of children who, due to neonatal characteristics, were also developmentally at risk. For example, one investigation of 33 five to eight year olds whose birth weights had been less than 1250 g found that although 90% were in regular classrooms, almost half of them received remedial instruction (Eilers, Desai, Wilson, & Cunningham, 1986) . In a similar study of 101 eight year olds whose birthweights were less than or equal to 1500 g, over 30% had received special education services and/or grade repetition (Hunt, Tooley, & Cooper, 1992) .
Social development is an important aspect of school participation. A great variability is seen in this group in social skills and problem behaviors. The vast majority did fall within the normal range, but 28% scored one standard deviation below the mean (85 or less) on the measure of social skills (SSRS), indicating lower social skills. In addition, 25% percent had high problem behavior scores (>115).
In summary, the majority of the children followed in this longitudinal study had some health and/or behavior-related problems, and 20% presented very serious neurodevelopmental impairments. As a group, they had a higher than expected incidence of visual, motor (including cerebral palsy), and attention problems. Their overall educational achievement levels were also below expected levels. Importantly, the number of days spent in the NICU as well as the severity of IVH were predictive of developmental status five to eight years after birth. Taken together, these data suggest that neonates with grade IV IVH and prolonged hospitalizations (and not necessarily those with low birthweight or prematurity) are notably at risk by the time they enter the public school system. Further follow-up will determine if these children continue to be at risk or if their experiences in the school system reduce their initial deficits over time. 
